IMPORTANCE Adolescent idiopathic scoliosis (AIS), a spinal curvature of 10°or more, is the most common form of scoliosis, with a prevalence of 1% to 3%. Curves progress in approximately two-thirds of patients with AIS before skeletal maturity, and large curves (>50°) may be associated with adverse health outcomes.
A dolescent idiopathic scoliosis (AIS) is traditionally defined as a lateral curvature of the spine of 10°or more in persons aged 10 to 18 years that is not a result of an underlying condition (a glossary of terms appears in the Box). It is the most common form of scoliosis [9] [10] [11] and occurs more commonly in females. 12, 13 Estimates from screening studies dating from 1985 to 2011 suggest that the prevalence of AIS ranges from 0.5% to 5.2%. 6, 12 Because two-thirds of patients with AIS experience curve progression during adolescence 14 and progression into adulthood is more likely in those with curves greater than 40°at the end of growth, [15] [16] [17] [18] treatment is focused on slowing curve progression before skeletal maturity. Patients with AIS who have mild curves do not appear to have clinically important symptoms during adolescence, but large curves may be associated with adverse long-term health outcomes in later adulthood, including an increased risk for shortness of breath with curves greater than 50°, diminished lung volumes with curves greater than 70°, and more impaired pulmonary function with curves greater than 100°. 17 Screening may detect scoliosis earlier than it would be detected clinically. Generally accepted management in the United States includes observation for mild curves, brace treatment for moderate curves, and surgery for curves that progress to 50°or more (Box). 6 In some countries, exercise therapy is recommended for mild curves.
In 2004, the US Preventive Services Task Force (USPSTF) recommended against routine screening of asymptomatic adolescents for AIS (D recommendation). 19 The purpose of this systematic review was to update the previous evidence review to help the USPSTF update their recommendation.
Methods

Scope of Review
This review addressed 6 key questions (KQs) ( Figure 1 ): whether AIS screening improves health outcomes in childhood or adulthood (KQ1), the accuracy of screening for AIS (KQ2), whether treatment of AIS improves health outcomes in childhood or adulthood (KQ3), the association between severity of spinal curvature in adolescence and health outcomes in adulthood (KQ4), the harms of screening for AIS (KQ5), and the harms of treating AIS (KQ6). Methodological details, including search strategies, inclusion criteria, excluded studies, and detailed results are publicly available in the full evidence report. 21 
Data Sources and Searches
The literature search included PubMed, Cochrane Central Register of Controlled Trials, Ovid MEDLINE, ERIC (Eric.ed.gov), and CINAHL (Cumulative Index to Nursing and Allied Health Literature) (eMethods in the Supplement). The search was limited to articles published from January 1966 to October 20, 2016. Database searches were supplemented by a review of reference lists from recent and relevant systematic reviews, as well as a review of relevant ongoing trials in ClinicalTrials.gov and the World Health Organization International Clinical Trials Registry Platform. After October 2016, ongoing surveillance continued through article alerts and targeted searches of a subset of core clinical journals identified by the USPSTF 20 to identify major studies published in the interim that may affect the conclusions or understanding of the evidence and therefore the related USPSTF recommendation. The last surveillance was conducted on July 24, 2017, and identified no new studies.
Study Selection
Two reviewers independently reviewed 8230 titles and abstracts and 1088 articles against prespecified inclusion criteria, resolving discrepancies through consensus. For screening questions (KQ1, KQ2, and KQ5), the population of interest was asymptomatic children aged 10 to 18 years screened using any objectively measured screening test, most commonly the forward bend test (Box).
Studies not conducted in the general population or in primary care settings were excluded from this review. For treatment questions (KQ3 and KQ6), inclusion criteria were studies of children and adolescents aged 10 to 18 years diagnosed with AIS with a Cobb angle of 10°to 50°at detection, since children with curves greater than 50°are likely to be detected clinically and therefore are not likely to be candidates for screening. Eligible treatments included multiple types of braces (Box), exercise treatment, and surgery. For all KQs, included study designs were randomized clinical trials (RCTs), nonrandomized trials, cohort studies, and registry-based observational studies. For harms questions (KQ5 and KQ6), case series and case-control studies were also included. For KQ4, only studies with outcomes collected in both adolescence and adulthood were included.
Data Extraction and Quality Assessment
Key elements of included studies were abstracted into evidence tables tailored for each KQ and for specific study designs. The abstracted data included setting and population (eg, country, age, sex, race/ethnicity, maturity of population), screening and treatment details, reference standard or comparator details (if applicable), length of follow-up, and outcomes (eg, accuracy, benefits, harms). One reviewer completed primary data abstraction, and a second reviewer checked all data for accuracy and completeness. Each study was assigned a final quality rating of good, fair, or poor based on design-specific criteria 20 (eTable 1 in the Supplement). In general, a good-quality study met all quality criteria.
A fair-quality study failed to meet at least 1 criterion but had no known issue that would invalidate its results. Disagreements between investigators were resolved by discussion. Studies rated as poor quality were excluded if there was a major risk of bias (eg, evidence of selection bias or confounding, attrition greater than 40%, differential attrition higher than 20%, and not accounting for missing data) that could invalidate the results.
Data Synthesis and Analysis
Results were synthesized in narrative format, and summary tables were used to compare results across different studies. For KQ2 (accuracy), values were calculated from data provided where possible. Because of the limited number of included studies for each key question, combined with the heterogeneity between study populations and outcomes, no pooling or meta-analyses were conducted. A standardized summary of evidence table was used to summarize the overall strength of evidence for each KQ.
The strength of the overall body of evidence was graded for each key question using the Evidence-based Practice Center approach, 22 which is based on a system developed by the Grading of Recommendations Assessment, Development and Evaluation Working Group. 23 This summary of evidence table includes the number and design of included studies, summary of findings by outcome, consistency or precision of results, reporting bias, summary of study quality, limitations of the body of evidence, and applicability of the findings.
Results
After review of 8230 abstracts and 1088 full-text articles (Figure 2 ), 14 studies published in 26 articles were included (N = 448 276) ( Table 1) . Seven studies (13 articles; n = 447 243) met inclusion criteria for screening accuracy (KQ2), 7 studies (9 articles; n = 835) for the benefits of treatment (KQ3), 1 study (2 articles; n = 242) for the harms of treatment (KQ6), and 2 studies (5 articles; n = 339) for long-term outcomes (KQ4). No studies met inclusion criteria for the effect of AIS screening on long-term health outcomes (KQ1) or on the harms of screening (KQ5).
Screening
Key Question 1. Does screening for adolescent idiopathic scoliosis improve (a) health outcomes and (b) the degree of abnormal spinal curvature in childhood or adulthood? No RCTs or nonrandomized trials met inclusion criteria for evaluating the effect of screening for AIS on severity of curvature or adult health outcomes compared with no screening. Key Question 2. What is the accuracy of screening for adolescent idiopathic scoliosis?
Seven fair-quality prospective cohort studies of screening programs (13 Screening accuracy increased with the number of screening tests used ( Table 2) . Sensitivity and specificity were highest (93.8% and Box. Glossary Adolescent idiopathic scoliosis (AIS): Spinal curvature of greater than 10°Cobb angle presenting at 10 years or older and of unknown etiology. Increasingly recognized as a 3-dimensional deformity, often with a rotational component.
Angle of trunk rotation (ATR): Measurement of trunk rotation according to a scoliometer. The Scoliosis Research Society (SRS) recommends an ATR of 5°to 7°as a threshold for referral for radiography. 1 Cobb angle: Measure, in degrees, of lateral spinal curvature. 2 Requires radiographs for measurement.
Skeletal maturity: Occurs at the end of adolescence. Typically defined by a Risser sign of 4 or greater in female patients or 5 in male patients.
Risser sign: The stage of ossification of the iliac apophysis as seen on radiograph; this is measured on a scale of 1 to 5, with 5 indicating the full ossification seen in developmentally mature adolescents and adults.
Forward bend test (FBT):
The most commonly used screening test in the United States. A noninvasive screening procedure in which a person bends forward at the waist until the spine is parallel to the horizontal plane and the examiner checks the back for spinal asymmetry. The FBT is used in most school-based scoliosis screening programs. It can be used with or without a scoliometer.
Scoliometer: A handheld, noninvasive device placed on a patient's back during a forward bend test to measure ATR.
Moiré topography: A specialized device that projects contour lines onto a person's back; a photograph is then taken of the projection. An examiner counts the number of asymmetric contour lines. 3 Persons with 2 or more asymmetric Moiré fringes often are referred for radiography. 4 This screening modality is used infrequently in the United States.
Brace treatment: Brace treatment is not intended to correct curvature but rather to slow or halt curve progression; bracing therefore is indicated primarily for skeletally immature patients (Risser sign, 0-2) at high likelihood of rapid curve progression. Braces are typically worn until skeletal maturity. Braces fall into 3 general categories: full-time rigid bracing, nighttime rigid bracing, and soft bracing. Brace selection is based on curve location and characteristics and on the anticipated tolerance of the patient. 5 Full-time rigid bracing: Most rigid braces are prescribed for use 20 to 24 hours per day. [6] [7] [8] Rigid braces include thoracolumbosacral orthotic (TLSO) rigid braces and cervical TLSO (CTLSO) braces. The Boston brace is the most commonly used TLSO is the United States. The CTLSO braces, like the Milwaukee brace, are most commonly used for thoracic curves with an apex above T8 or for double curves.
Nighttime rigid bracing: Rigid braces typically worn while sleeping. Two of 7 studies provided data comparing the degree of curvature in children with screen-identified scoliosis with that in those with false-negative screening results and later scoliosis diagnosis.
24,25 In a US-based study (n = 2242), distributions of curve were similar for children detected through schoolbased screening compared with those detected clinically. 24 However, in a Hong Kong-based, multitiered screening program (n = 306 082), curve distributions in screen-detected cases tended to be a lower degree of curvature (50.9% of the screendetected vs 26.2% of the false-negative population had curves of 10°to 19°). 3, 25, 26 In the 5 studies with data on screen-detected cases only (n = 138 919), 27,28,31,32,35 the majority of cases detected were at Cobb angles of less than 20°, a level at which expectant management may be the most common treatment.
Effects of Interventions on Health Outcomes
Key Question 3. Does treatment of adolescent idiopathic scoliosis that has a Cobb angle of less than 50°at diagnosis improve (a) health outcomes and (b) the degree of spinal curvature in childhood or adulthood? What is the accuracy of screening for adolescent idiopathic scoliosis? 2
What is the association between severity of spinal curvature in adolescence and health outcomes in adulthood? 4
What are the harms of treatment of adolescent idiopathic scoliosis that has a Cobb angle of less than 50° at diagnosis? 6 Evidence reviews for the US Preventive Services Task Force (USPSTF) use an analytic framework to visually display the key questions that the review will address to allow the USPSTF to evaluate the effectiveness and safety of a preventive service. Seven studies (9 articles; n = 835) on the benefits of treatment met inclusion criteria; this included 2 RCTs, 2 nonrandomized trials, a prospective cohort study, a retrospective cohort study, and a study that combined an RCT and a prospective cohort study. 28, [36] [37] [38] [39] [40] [41] [42] [43] Five studies (7 articles) 28,36-41 of 651 adolescents examined the association between bracing treatment and curve progression. Three brace studies (an RCT, a nonrandomized trial, and a retrospective cohort study) were of fair quality, 28, 36, 37 and 2 brace studies (a prospective cohort and the combined RCT and prospective cohort study) were of good quality.
38,40
Two studies 42, 43 (1 good-quality RCT 42 and 1 fair-quality nonrandomized trial 43 ) of 184 adolescents examined the benefits of exercise treatment.
Brace Treatment
Studies defined treatment outcomes either as absolute increase in curvature (measured by Cobb angle) 28,36,37,40 ; progression of curve past a defined number of degrees (usually 5°to 10°) during the study; or progression of curve to a threshold at which bracing treatment was considered failed, typically past 45°to 50°C obb angle, when surgery may be considered. 28,36-38 One study, the combined RCT and prospective cohort study, presented dose-response data on the association between daily hours of brace wear and curve progression. 38, 39 Most included studies reported on the proportion of participants whose curves met certain thresholds; only 1 reported Cobb angle both before and after treatment. Four prospective controlled studies (n = 587) found evidence for benefit of bracing treatment on curve progression compared with observed controls (eTable 2 in the Supplement).
36-38,40
Three of 4 studies that evaluated absolute change in curvature in braced vs observed populations reported results favoring brace treatment (n = 345). 36, 37, 40 Three prospective controlled studies (n = 345) 36,37,40 found an association between bracing and slowing curve progression of 5°or 6°; 1 nonrandomized trial (n = 37) 37 and 1 retrospective cohort study (n = 64) 28 showed limited differences for progression of 10°or more between braced and observed groups. Four studies (n = 411) evaluated the progression of curvature past an absolute threshold at which bracing treatment was considered as having failed.
28,36-38 The 1 study that combined an RCT and prospective cohort study (n = 242) demonstrated a significant benefit associated with bracing. 38,39 The single RCT of bracing (n = 68) suggested lesser progression in the braced group, but significance was not reported 36 ; 2 smaller studies, a nonrandomized trial and a retrospective cohort study (n = 101), found similar results between braced and control populations.
28,37
The largest included bracing study (n = 242) was the goodquality, international RCT combined with a prospective cohort study called the Bracing in Adolescent Idiopathic Scoliosis Trial (BRAIST), which assessed the association between bracing 13 Articles (7 studies) included for KQ2
9 Articles (7 studies) included for KQ3 h Screening yield of AIS greater than 10°Cobb angle; yield calculated as number of true positives divided by the total number screened. i Excludes ages 6 to 7 years (n = 32 050).
18 hours per day and preventing progression of Cobb angle past 50°. 38, 39 This study planned to follow up participants through skeletal maturity but was terminated early by the data and safety monitoring board because of treatment benefit in favor of bracing. In the as-treated analysis, which included both the randomized and patient-preference cohorts, 41 of 146 braced participants (28%) had progression of Cobb angle past 50°, compared with 50 of 96 (52%) untreated participants. The odds ratio for the study definition of a successful outcome (skeletal maturity without progression of Cobb angle past 50°) was 1.93 (95% CI, 1.08-3.46), adjusted for duration of follow-up and propensity score quintile (used to control for potential selection bias in the nonrandomized cohort). Data from the intention-to-treat analysis (RCT cohort) likewise showed a statistically significant association between bracing and reduced curve progression, with progression past 50°in 25% of braced participants and 58% of untreated participants (the unadjusted odds ratio for a successful outcome was 4.11 [95% CI, 1.85-9.16]). The number needed to treat to prevent 1 case of curve progression past 50°was 3.0 (95% CI, 2.0-6.2), and the reduction in relative risk with bracing was 56% (95% CI, 26%-82%). This trial was the only one reporting qualityof-life outcomes associated with bracing; outcomes were similar between treatment groups (eTable 3 in the Supplement Cobb angles at maturity in this cohort were similar in both the observed and braced groups (30.6°in observed participants, 27.7°in braced participants; P = .07). Between skeletal maturity and adult follow-up, mean Cobb angle had increased by a mean of 4.4°(SD, 4.1°) in observed patients and by a mean of 6.4°(SD, 5.8°) in braced patients. Only 3 of 40 observed individuals (7.5%) and 2 of 37 braced individuals (5.4%) had progression of the curve past 45°at the time of follow-up (P > .99).
Exercise Treatment
In 1 good-quality RCT (n = 110) 42 and 1 fair-quality nonrandomized trial (n = 74) 43 of tailored physiotherapeutic scoliosis-specific exercise, the intervention group experienced significant improvement compared with a generic-exercise control group at 12-month follow-up (eTable 4 and eTable 5 in the Supplement). In the RCT (n = 110), there was a favorable reduction in Cobb angle of 4.9°in the intervention group compared with the control group's unfavorable increase of 2.8°(P < .001). Quality-of-life measures were improved at 12 months in the intervention group, compared with stable or slightly improving measures in the control group. 42 By the end of the nonrandomized trial's 12-month treatment period, the intervention group had experienced a favorable decrease in mean magnitude of all curves of 0.67°, compared with the control group's unfavorable progression of 1.38°(P < .05).
43
Surgical Treatment
No studies of surgical treatment in adolescents with a Cobb angle less than 50°at diagnosis met inclusion criteria. No included studies reported health outcomes data stratified by degree of curvature at skeletal maturity; therefore, no included studies directly address the key question as worded. Instead, the included studies provide insight into adult health outcomes stratified by adolescent treatment regimen received, which sometimes can vary by curve severity. Both general and scoliosis-specific quality-of-life measures (36-Item Short Form Health Survey; Scoliosis Research Society 22-Item Questionnaire) were similar between observed and braced participants at adult follow-up in 1 retrospective cohort study (n = 77). 44, 45 In the other retrospective cohort study (n = 262), Oswestry Disability Index scores, general well-being, self-esteem, social activity, pulmonary outcomes, and childbearing and pregnancy outcomes were similar in adulthood in people braced or surgically treated in adolescence ( Table 3) . 46-48 However, braced participants rated their body appearance as more distorted than did untreated participants.
45
Braced individuals also recalled experiencing a negative effect on their life during the treatment period compared with those treated surgically. Harms of bracing were reported in 1 good-quality combination of an RCT with a prospective study (n = 242).
38,39 The most frequently reported nonserious adverse events were those involving the skin under the brace; there were 12 reports of such symptoms in the 146 braced participants compared with zero reports in the 96 observed participants. There were 12 reports of nonback body pain in the braced group and 2 such reports in observed group. One of the 146 braced participants reported a serious adverse event (anxiety and depression requiring hospitalization). 
Discussion
This systematic review 21 was conducted to assist the USPSTF in updating its 2004 recommendation 19 on routine screening of asymptomatic adolescents for AIS. Fourteen unique studies were included, more than half of which (8 studies) were published since the previous USPSTF review. Table 4 summarizes the findings for this evidence review. Updated evidence suggests that AIS can be identified with forward bend test, scoliometer, or both, with radiologic confirmation, although estimates of predictive value and sensitivity are variable and the majority of individuals identified through screening will never require treatment. This review includes data from 3 prospective controlled bracing studies published since the 2004 evidence review, one of which was a large study (n = 242) conducted (least distorted) to 35 (most distorted). Scores were correlated with major curve size for all participants, with Spearman rank correlation rs = 0.40 (P < .001). g Possible scores, 0 (best) to 100 (worst).
h Possible scores, 0 (worst) to 100 (best), scaled to population norm of 50. Surgical treatment remains the standard of care for curves that progress to greater than 40°to 50°; however, there are no controlled studies of surgical vs nonsurgical treatment in individuals with lower degrees of curvature at AIS detection (which would best represent a screen-identified population). Although longterm observational studies suggest continued curve progression in adulthood is less likely for curves of smaller magnitude at skeletal maturity, direct evidence on the association between magnitude of curve at skeletal maturity and adult quality-of-life outcomes is lacking. Further, no direct evidence was found either for a benefit of universal AIS screening of adolescents on long-term health outcomes or for exposure-related or psychological harms of screening. Although several studies have suggested that radiation exposure over the course of management of and surveillance for scoliosis is associated with increased cancer risk in adulthood, [51] [52] [53] [54] the effect of screening-only exposure was not reported in any included studies.
Limitations of the body of evidence include the lack of studies on screening approaches in targeted populations based on sex or other factors associated with likelihood of curve progression. Further, several studies found few adolescents willing to be randomized to a treatment group and therefore did not sufficiently accrue participants. 55, 56 The lack of long-term outcomes data stratified by degree of curvature at skeletal maturity limits the ability to draw conclusions about the long-term clinical effect associated with the interruption of curve progression during adolescence. Studies that prospectively enroll cohorts at AIS diagnosis or treatment for the purpose of long-term follow-up into adulthood would strengthen the body of evidence on the long-term effects of screening. Also needed are controlled trials of scoliosis screening programs that allow comparison of screened and nonscreened populations, different screening settings, personnel, and procedures. Ideally, screening results should be reported for all relevant populations, including female patients and children with a family history of scoliosis. Prospective, systematic collection of data on the potential harms of screening-including psychosocial effects and radiation exposure estimates for screened (as opposed to treated) populations-also is needed.
Because the utility of screening ultimately is determined by whether treatment of people with AIS identified through screening is effective in improving long-term health outcomes, the body of evidence also would be strengthened by additional good-quality studies of treatment, such as more prospective studies of exercise and brace treatment and studies on surgical treatment for people whose AIS was identified through screening. High-quality studies assessing the procedural and quality-of-life harms of screening and treatment also are needed.
Limitations
Limitations of the review approach include exclusion criteria that resulted in a small body of evidence but one that reflects the best available studies in this field. The scope of this review was intentionally limited to individuals with curves less than 50°at detection to assess the evidence for a screening-relevant, primary care population. Studies without valid comparison groups and studies of surgical intervention without data on curve progression before surgery were excluded. Also excluded were a large number of studies with no comparison group, comparative effectiveness studies, longitudinal studies that did not report health outcomes in adulthood, studies in which screening was conducted by a single practitioner, and studies in which screening results were not objectively measured. Quality rating of studies-some of which were published as far back as 1966-further limited the body of evidence, as many were conducted before currently accepted quality measures and reporting standards were established. The decision to not pool or meta-analyze results based on heterogeneity of the included outcomes limited interpretation of single estimates of harm or benefit.
Conclusions
Screening can detect AIS. Bracing and possibly exercise treatment can interrupt or slow progression of curvature in adolescence. However, there is little or no evidence on long-term outcomes for AIS treated in adolescence, the association between curvature at skeletal maturity and adult health outcomes, the harms of AIS screening or treatment, or the effect of AIS screening on adult health outcomes. 
